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NOTICE:  WHVN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  a  DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 
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,  1.  general  account  of  cosaic  noise  niy  lie  found.  in  a 
prepared  ft*  the  Radio  Research  Boors!  ty{H.  'A.  'Thoocsa  and 
Burgees  of  the  national  Riyaioal  Ie.bfiSftwey  v£Haf.l). 


:-v..,naiAgtW 


B|  5 ere  the  heat  infariSition,  da&  indeed  the  ot^-  ^c-tailcd  4 
inforcation,  cocoa  ftota.  Reberrs  ex^riiwBits  (Rafi7>  8,  and  9)* 
Reber’s  results  canocft  bo  entirely  acpe^tad- ^£-he  {jive®  Sixkn, 

/  because  hp  tuch  cwresti.  cites  the  harr-aeneas  of  the  been 

irwoduced  hr  his  antenna  syotork  •  ?ron  the  dimens iani_  of  the  ^ 
sed j  it  is  evident  that  the  bean  maths  rust  ipvc 

1 6°  x  1 4°  in.  the  ,tno  principal  planes^  naasured  at 
ntrol  intensity.  The  apparent  width .of  the  Milky 
ad  by  his  data  is  to  .he '  ascifibed-  min  y  to  the 
sod,  end  the  noise-  reducing  region  rust  be  in  fact 
entrated  Very  close  to  the  galactic  squgicp-.  . 

oodtisioa  i3  corfiroed  iyr. theoretical  consideration; 
ord  the  interstellar  gae  is  bains  sufficiently.  -- 
,  fpr  us  to  *6eo*  on  these  usclengths*  (below  abou- 
HSfjirtres)  asi far  as  the  bentre  of  the  galactic-  Sydteo  or  very 
fS  Tfiteji'lt*  ik  dr dor  to  account  tor  the  -rajfiation  of  intensity  wit, 
''eteiiaetic  longitude  and  the  g£Snt  increase  iq  the  Sagittarius 
region.  If  the  in'-  c.-a teller  gas-  were  so  opaque  that  a  ray'  in  ■ 
the  equatorial- plhhe-would  only  ^fenptretie  1 ,000  parsecs  rw»i 
-  r  ml  distance  iwll  compared  with  %he  .dinensioos  of.  the  galaqr), 
Vpo-should.not  expect  to  observe  inch  an  increase  in'j  Sfcgittariu ; 
„-  a»  we  do,  os  cowpored  'with  Cyprus  and  the  rdst  of  the  Mflly 
Jfcy.  K6w4tbe.astrcrionieal  evidence  indicates  that  thc| 
thickness  of  the  sheet  of  interstellar  gas  is  only  'i  few 
• hundred  parsecs  at  003 1 ;  and  Ttipn  seen  from  a  distancebf  the 
If  ‘ijrder  of  10,000  parsecs  the'  angle  it  subtends  will  be  SCjite  att 


?  K  .I*  practical  applications  (see  Rei*TT3)  the .  calooUtiens  mi 
-  bo:  oin4>lifiod  by  the  assurption  that  thoj  thickn'je^  of  the  mils 
source  in  galactic  ictituie  -is.  infinitesiml.  -  'Biile  c«e_  bbv 
fcannot  dipect  this  assuoptton  to '  ijeTtrictly  correct,-  tho  data 
4rrad3abia  at.  presto  ar?not'suH'iibiint  to  -.a  rrant  any  sore 
elaborate  ■  hypothesis .  lie  reason1  for  tjhis  is  sirply  that  no 
‘experinentcr  has’  hitherto,  used  in  antennkx  rfiose  lobe -ig!  , 
nkrrswer  than.  1§  degrees.  And  oie  ncy  further^ deduo*  tria- th. 
hypothesis  of  4nfinitesirr\l  width  till  .give  satisfactory  ' 
rosiilte  In  practical  applicr.ticSis  Wtorevjer  the  beaffls  rjq  more 
.ithan  15  degroea  wide,  fron  the  fact  t£at!  experiments ^ with  such 
xwuob  have  been  inefficient  to  disprove  it.  1  ;  ' 

It  is-to>EOSed,  thex-efore,  .to  rdopii_fo|  t^Atim^,  "being  th« 
itomption  T&fet  the  noise  cones  fren  a  lone  sourdf  totoh;  ."la 

it  row  yea 
{tees  wixic 


It  totoposed,  therefore,  .to  rdo.pt  _f  of  the  itinxf  .  being  w 
kssuxtoion  Oltet  the  noise  cooes  fren  a  line  sourde  totok*  rJ'CT 
Ko  galactic  hjuaipr.  It  is  pivtoblc  that  in  theVnbrt  fow  yea 
£cperirxMts  mil  be  conducted  \Ath  larger  aerial  jVjyto^f  ^llc 
Wy  enable  us  to  go  beyond  tliis  sinple  forking  hypothesis. 

T~:  ^^13- no  satisfactory  evidence  at  present  thepar 

U  the  shy  away  froa  the  Milky  Way  produce  any 
to  it  would  be'  expected  on  astropiysical  ero-mds  t,^  thp  noi 
toctaity  to-  the  higher  galactic  latitudeswo^aee 
{indeed  j-  as  distinct  fron  tot  happens -lr.  the  case. of 

-{starlight.  (See  Addencfum,  pe^  1 2,  howeverj  _  _ i- . 

[*  i  -parsec  is  an  astr’onoeiioal  unit  of  'distance^ lUM,  \to 
fr  -  tlx  10«.  tas  (about  Jel'/llj^it  yetxrS.J.,  ,  \ 
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restrict; 


field '2t^^CCS^1  r'eas^'«nOTt3  4-e  expressed  %  Jems  -of  the 

*■»  »»  4&2X&St?££t 

Results  to  equivalent  noise  icqpirature.  it  is  f!  wL 


be  reSrt!Ss^fvf  ^  ******  in  ^jsky-s  1932  toper  uerhap 

0,8  l^the  Ka^lSwh^1hal0?eri5  flOW  ov2r  an  '“"ectivo  are?,  of 
7*  r  ’  tce  esj)loyo4  vas  14.  <  laetroo.  r 

mve  ^  •onerSS T  tlem  along  th|  direclripp  of  propagation  of-  a  plane 


.  V  .<*£  /ioS\  ■  V  ■■'  •  -  I  . 

•  *  ['^ywitts/sijuare  metre ,..  ' 

SS-*A1Sr«  sfcre"tl«th  in  volts/retre,  fc  is  the  velocity  of 
Ufiht,  -3  X,i0  ons./sec.,  and  loS/o2  is. the  overall  conversion 
factor  required  when  enploying  the  units  given  above, 

'  The  field  strength  reported  by  Jansky  was  about  23  ab.  below 

°r-  ^  0.07  racroVbl  to/metre , 

far  a  bandwidth*  of  1  kilbcyole.  #  ' 

The ■  poner  c  vailable  at  the  aerial,  terminals  !*ould  then  bp 

'  '  °,8  X2  x  wattcAilocycle  bandwidth 


...  •-  '  J  r  z'~>  x  10”15  watts/kiiocycle  bandwidth,^' 

wu.cn  corresponds  (see  para*l)  to  n  temperature*  of  170.0009K. 

j  !  -  1  *  ! 


■ .  ^  thi*s  ip.  a  fair,  eStiBKtc  of  the  mean  effective  te-  \peraiure 
)f^  Jansky  s>a^rikl/  it  r.ay  be  taken  as  an  indication  of  the  nJean 
Jffeptive  ten^erhturc  of  the  parts  of  the  sky  accessible  to  jEL 
ill  eluding  the  vh|olc ’Of  the^  northern  celestial  hemisphere.  ’  Itf  vdl3 
»  an  unevenly  weighted  neon,  but  in  ary  case  it  can  only  be  a 
*ery  rough  estimate.  *.J  .  . 

A 'general  average  is  possibly  rdsloadin0  “in  so  far  r.s  rxet  \>f 
;.ie|  noise  cooes  from  a  small  region  (the  Kil*y  Way)  which  is  much 
otter  than  the  mean,  but  it  gives  an  idea  of  the. noise  terpern ture 
o  be  expected  wjith  a  non -directional  aerial  1  The  i-ejamum  noise 
■sported  ms  vary  such  greater  ,(n  aioly  0 o?  rdcrovolt’  notr^T 
ilocycle  z)  andj  oorresp  nds  to  some  5,000,  OOOCK.’ 


-Ob  great  to  be  accounted  for*  Jy  uncertainties,  in  the  reduction  of, 
iii.  field-strengths  to  tenperaturei**  - 


The  npise  power  Is  jjproportional- to  bandwidth  and  the  field 
strength  therefore  proportional  to  the  Square  root  of  the 
bandwidth. .  I  •  ' 

l!r.  Jansky.,  has  since  informed  the  writer  than  lie  coinsiders  his 
15'ter results  sjiould  be  used  in  preference  to  the  results  contained 
In  hin  first  .'paper.  This  . add::  .:upoort  to  the  view  which  ha3  been 
trken:vhere.  j.  ... 
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In  internet  ifi.~  Jansky's  later  results  it  is  interesting  to 
calculate  the  noise  factor  of  the  receiver  cndef  the  conditions 
in  which  it  was  used.  .  .Thj  calibration  of  the  system  was 
effected  by  roans  of  a'sigtol  generator  prosiraabjy  of  the  saner 
inpedanoe  as  the  aerial.  -Using,  this  rjetbod  he  gives  the 

noise  level  as  47  d£>-  below  1  nicroni  crown  tt  and  honoe  the  noise 
factor  of  the  recei-fcr  is  4. db  (or  eoepre ss od  -.s  a  ratio,  i.l) 

Tp  obtain  tlie  equivalent  aerial  teqper&ture  for  an  outp&t 
corresponding  to  a  power  p  fron  tho  signal  generator,  ue  e<|u:.sc.  - 
the  .available  powers  frees  thjs  (equal)  ii^edancqs  of  aerial, 
and  signal  'generator:  — 

\  . 

HaB  =  p  +  SeToB  •(where  B-  is  the?  bendwidth  and  T()  the 
roco  terperchure)  f 

i.e.  ,  Ta  1  '  p  .  "  f  '  lj 

To  =  +-kToB  ‘  ^  .  .  '  \-\  ,  ■  -  *1 


Inserting  the  value  of  kS0B,  sanely  51 »  9  decibels  below  •  .  ' 

1  ni  erotic  row.  tt ,  it  is  near  possible  to  translate  all  Jails  y-'s 
1937  figures  |nto  equivalent  aerial  ieuperaturos. 

Jansky's  results  have  also  been  discussed  by  Thoms  arc  [ 
Burgess;  these  authors  are  inclined  to  reject  Jansky-' s  figure 
of  negit  fbr.his  receiver''  as  unreasonably  good,  but  this  would 
seen,  unjusitlfiod.  •  .  '  .  ’  ‘ 

Ti-e)  wavelengths  used  by  Jansky  (16,7  oetres  and  14  hr  tree) 
kgc  rotifer, long,  and  the  inecoing  radiation,  nust  suffer  considerable 
absorption  in  the  ionosphere.  _®ie  effect  of  than  is  clearly 
Eerfcod  in  the  reduction  of  noise  intensity  during  faylight  wiiichy 
is  a  feature  of  the  graphs  osC  diurnal  variation.  J  A  lejte  |  , 

obvious  effect  is  the  ruefa  larger  anaunt  of  noise  experienced  > 
with  the  horizontal  dipole,  than  with  any  other  aerial  gys 
employed,  ,  ^his'  too  secaaB  to  be  'due  nainly-  ter'  tohosp&r  ,c^ 
absorption,  far'  absorption  is  least  at  hi^i  angt^sluid  the  •  .  •. 

hariKmtal!  doublet  was  the  ohly  aerial  dtich  oas  sensitive  to  *  ' 

high-angle  radiatiicn-r  fron  directions,  within-  30?  of  tha 
zenith,  for  assrple.  4  Jansky  hinself  resorts' that^both  tie 
wUnn-i  and  the  vr  nrrm-t--7  ncfi.se  1qtc13  obtained  with  the  -  i 
doublet  eafieed  those iaoaiured  -with  ary  of  the  other  aerial  ' 

system- •  *  >  <V  '  ^ 

The  noise  iowel®’  obtained  Janicy  withi  the  W|fOBtai  ].  .* 


^v^tobaaHyj! 


mi 


E3TPICTZD 


(c)  SrSna's  cxporinonts  (Rof^ST 


Franz  reports  a  testgsArried  out JycC GorjOr  y  at  a  vwve.IcBsth 
of  10  metres.  ,  He  usedfrn  r.brirl  '$&•.■£..  V&rt  vddth  of  +  15°  .in 
azimuth,  and  a  darcctuviiiy  jli  tiro  '  verticil  plane  e  ,;U1VT_  lent  to  / 
that  of  two  half-wave  dipcjloax'  jifecording  to  his  colleague 
idoon  (icf.li,),  the  defin£/ifcs  oriented  So  tlyt  its  vertical  ' t 

plane  of-sy-nciry  coincided  on.de  -  den'  .,'ith  oho  plane  -of  the 

galaxy.  ' (-To  See  t Yprf  this  is  rosaible  it  Is  only  necessary  tp  ,, 
obsurvp'.that  in  jthe  latitude  of  Berlih  there  will  be  a'  sine  of  .day. 
when  tho^poin'-bf  the  galaxy,  -which  i3  in  declination  -r2o  ,  is; 
rieing'or  sotting.)  it  this  nonsuit,  thtf  effective  ttyverdturo 
of  the  aerial  i*ts-4  20,000°,  and  after  ailouing  for  t?lo  ossistende 
of  side  1  o ccs  in  the  aerial  pattern  and  loss,  in  the  iofiosijpere  it 
sec.  a  that  idi.c  "sly  ter  per."  tune"  in  the  i-ally  Uny  rcgifca  ;.iust  have 
oeeninot  far  ^iiort  of  200,060°  at  /this  jwnvulcfiyth.  Futinz  * s 

lowest  figure  nor.oly  12,000‘j1  ni<tit  be  tafceri'is ^arp  indication  of  to 
general  niSSn  t<»u>dfraturo  ovfc”  the  oJy,  }xCC  we  aho.ld  livnect  the  la 
to  be  rather  hirjhor  thsit  this";  -  s rorjiofjr  itwis  again  ncccgsory  to. 
allow  one  or  two  db.  for  F-lnyop-cbsorptidn,  so  that  ax.  average  si 
'temperature  of  ’  20,0(30°  'si'.oujdr'not  bo  far  wrong.  ,X 

(d)  Kinsey’s  experiments  .c-  "  _  a.  . . 


carried  out 


Tho  subject  of  aerial  noise  has  been  invest! yr. ted  bjf-T.R.E.' 
in  connection  with  the  performance  of  the  radar  warning  Chain 
(A.M.E.S.  TypojT,  or  CH.).  Their  conclusion.”  arc  given  in  a 
report ,  ^109  -dutch  :sa y  1911  (Inter  reissued  a3  T.R.3;  lit  port 
E.1195  ,s.‘C  Sof  #  11.  ;.  It  is  unfortunately  not  possible  .to 
accept  their  results  at  face  value,' as  it  appears  that  all  the 
absolute  moasurefent3  of  noise  voltage  are  too  hi#i  by  sone  10 
or  1  *1  dh.  |/  .  i  . 


The  following  reinterpretation  of' Kinsey’S  results  is  propooed 
tentatively.  J~  In.  Table  III  of  hi3  6th  para,  he  give d,  values  of  a 
constoyitu/  !for<  different  wavelengths.  If  we'  arejrf^h  in  ; 

Ihtoriart ting*  tlhe3e" in -terns  of  the  ixxlorn  noise 'FadS&iv'N  as  j 

appro^iataly  '  -  ..*  •  '  »  '  3  ”  •’  .  j 

J  '■  :  fjk-  M'*—.,  .  .  .  T  j  ; 

tand  this  it  debatlble),  thefy  we  obtain  the  following  values  of  the 

noisoi  fSjCtor.H  '  j  .  •  ! .'  .  I 


\  (metl^s)  ^  6  7  =10.5  13 

•  K  (decibels)  ji-  6.7  6» 6  ,  4»,& 

er.ee  with  receivers  indicates  that  these  values,  if 
it  any  rate  cannot  be  far  wrong.  Turning  next  to  t 


6  7 

6.7 


Beneral  experience  i 
not  'precise)  at  ?ny 


his  Table  I  ( 
bit  tie  ratio 
'noise.  '  Inti 


the  .feeders  wjf  have 


,t  raft©  cartrjot  be  fixr  1«rcQg*  Turning;  pert  to  >  , 
eu-a.li) ,  thd  absolute  voltages  arc  tinder  suspicion, 

(j  <»n  bo!  irWi-to  derive  t)ie  intensity  of  aerial 
idjfcing  a  factor  .exp.  (-7)  to  'represent  attenuation  in 


'=  H  (H 


With  i;ha  feeder  losses  quoted,  this" p_rguncnt  leasts  • 
following  effective  tcHpcraturo  for  the  aerials 


■tiffiillfSfR  ■'  Sjafc'flKK 

fmMmmKkIK 

iippdiEJAfW  - 

There  is  sore  in.cH.cr.tion  of  the  noise  temperature  varying  as 
seur.rc  of;  .the  \jr-.v0len-Tth.  * 1  .  ; 


;  fide  strengths  could  be  considered  froe  frdti  system tic  error; 
■'  th..;-  -./oujd  lead  to  temperatures  as  follows : 


iJO.OOO  5i,tp00 

1,1  OD  1A00 


*  -lo-i  •  -1-3 _ ; 

,03,000  i7ojopo 

■  •  800  1 ,00O 


These  show  a  very  regular  variation  wit!i_vgareierrgth,  but  the 
absolute  •/•  lues  are  believed  to  be  too  high;-  otherwise  the 
figure  of  nerit  of  an  H?7  receiver  would  have  to  bo'scoe  16  or 
17  db.  Itoreover,  •  Vv  sha«££d  expe-at  a  noire  rapid  variation 

With  X'thnn  V5  on  tho  currently  accepted  theory.  v- 


i  he  •  uthor , 'who  does-  not  seen  to  Jifivb  expected  any  diurnal 
•pcjriodicity,  rerr.rks  that  his  figures  arc1  riot  very  accurate 
because  "over  a  long  series-  of’-observatiOns,  the  nogni'v.ie-  of. 
the  r.orial  n- is  c  on  short  waves  was  found  to  change  by  over  a 
-/"factor  of  which  presunably -means  that  ^ho  total  range  of 

*•  *  fhin  r"'  rrf*  9  irt  voltase* 


vexation7  w.s  .©re  than  a 'factor  of  2  ill  volta^ge* 

(e)  Pocgi’s  vgxroerinents  (Ref  .10)  _ 

'  '  I  .  •’  '  .  V:  K 

•  Accord  in  i,to  unpublished,  experiment!  by  Fogg  ct  ‘T.8.S.  / 
($ww.ge)  in  Itoceribcr,  W,  aerial  noisel  on  *£-50  biegacycO^ 

1  .-was  approximately  eiqdal  to  set  noiso  witn  a# receiver  pacing 
*vvilve3.  The  .writer  is  indebted  to  %.  S’egg.for  this'  infcTortt 

Tills  '  experinont  wSjS>  perf  orood  with,  a  quarter-waye  On  a 

;  winter  evening,  arid  no  variation  with  tine  was  notijod  in  fhe 
'  '  course  of"'’  few  hours.  As  the  cxpcriwent.was  ccrricd  out] at  i 
ill  noisy  time  6t  the  sidereal  day,  after  the-  •hOttest\part 
tfei  aalaxy  haS  set,  this  is  not  surprising.  '  TaXitig  the  noise 
-•  mtTottm.  receiver  as  7-db.;  the  effective  temperature  of 
State’s  aerial  will  have  been  about  l80CrK.  :  ,t! 


(f)  Reber’s jexpcrisisfit: 


SeberJs  'expeidmonts  .were  conuuc 


system  t:v.n 
be; jr  width 


jtod  -,/ith  :i  more  sharply  beamed  ferial 


ny  other  v/orloer  has  usep,  the  ^air  beinj  a  boat  1  >0  can  d;;'£he 


.bout  1 6°  1J^°  measured 


lat  t  power.  Because  of  the  short  -wave- 
|lonrjth  onployed  (l»%motr^s) ,  the  ferial  noise  .sac  snail  conq^ared  *,vith  set 
inoise.  and  even  arala.  compared  ;/ith  the  wi.^s+j-nnfi  nni.se:  *Jfv?eh  r;  si^l- 
ice  (Johnson  no: 
rfter  balancin, 


inoise,  ana  events:: 
Igehcmtor  vroulcTpr 
residual  difference 
sources 


As  •injthel 
most  recent  rej 


case -of * Jansly,  it  id 
idlts,  eh  Lre‘  dusexf 


'  Accepting' Rubor T£ analysis  of 
the  aerial  system,  it  is  easy  to 
temocrature*  .  It  foil  out;  from  t'n 


paper  that 


=  JJ  = 


■  2IfK 


\vherc  2T^»  =  2000  degrees,  and‘/\  is 


;hc  resistance  noise  -./bich  a  si^ial- 
o).  It  h-.d  to  be  measured*  ~s  a.  small 
o;t  the  rectified  noise  from  other 


fair  v°  judge  Rebor*j  v/ori:  on  his 
hbecl  in  Uis  1 paper  (Ttef«  9% 


l 


apparattu;  c.s  correct,  except! for- 
ocjjress  ids  results  in  ter:is  of  aerial 
ea'tions  in  his  1 1942  Eroc.  I.R.Si 


/ 


A  i 


jgivon  by  the  fact  that  (the  percentages 


in  the ‘ penultimate  colurni  of  his  Table  III  sire  equal  to/1  00  £>  .  In 
this  way  we  deduce  tens era tures  of  the  order  of  40°  absolute,  whon  the 
aerial  is  pointing  at  the  galaxy;  the  highest  value  was  73°. 


jheber  has  been  criticised  by  Thomas  and  Btirgzss,  on  the  ground  that 
the  Sensitivity  attributed  to  hd^  receiver  is  teflossibly  good.  Reference 
to  his  1 942  paper*  mil , shorn  that  he  regards  /ho  i4put  impedance  of  his  ' 
receiver  as  having  ah-  effeotive  noise  temperature  of  1400%  This 
implies.  a  noise  ifiguregof  7.7  db.,  -which  is  .certainly  'lower  than  we 
sliould  expect  for»a  receiver  using  acorn  valves.  A;  mere  reasonable 
figure  would  be  1 4  3b. , .  and  in  view  of  the  difficulty  of  Hatching  his 
antorina  to  the  receiver,  the  effective  noise  factor;  ray  havojbeea 
considerably  iiigher.  This  may  account  for  the  surprisingly  1  .cw 
intensities,  compared  vriih  thoso  at  higher  \r-»p  lengths,  altj  ixigh  no 
should  perhaps  not  insist  too  moh  on  the  TcV  law.;  It  seems  probable  " 
that  Bober's  intensities  ore  too  small,  but  furthtr  exporiaontal  work 
in  this  regions-  obviously  desirable.  ....  .  . ' 

'■7c  rviy  rciijtsr.pirot', Bober' s  re  suits  ^  taking  into  account  the  type  of 


detector  ,ur. 
detector ,  \t 


and 

4 


the  re 
,  flefi.; 


;:ti'V  ted  r  q\iv-.r  reis'. 


fi.i^'  in  eon.  ( 1 7 )  of  the  lyi(2^ 


lineal: 
i:.  dven  by 


A-3  J&j'v '  '* 


‘jQZZWg; 


Ta  , 
2(!M  )To 


where 


•  f  | 

Ta  <^<  (N-t  >T0' 


(where  N  is  the  noise  factor  oi  the  receiver) 


At  his  Note  7»  and  a  sentence'  10  lines  abovxi  his  equation  ,(10). 


/.  -  '  ■  1  ■ .  t..xv 
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1  ..  « 

1- 


.1  ! 


L 

! 


L 


’sbich'  is  Reber's  eqn.  (14)  with  substitution  for  the' express  ioi  tac  &  . 
'  I?  16hs_jietector  ie.  square  um, 


,  ■  "  4  =.  •  ' 

.  Cn.-  i)t0  <  • 

It  is  ..poesi'ji'..  thnt  the  detector  wdc  b.ct jnlly  between  the  square, 
law  and  line. a'  ran.^es,  dicing  his  temperai-tre  too  hash*  eh  tie  Other 
band  if  vro  billow  a  noise' factor  oi  iij.  do.  wo  find  ^on  the  above 


as  opposed  to 


^  =.  48  20A 


' .  Ta  »  %6  far  K  =  7.7  ab 

giving  a  probable  increase  of  r»  factor  of  5  is  ids  calculated 
tonperuturo.  Allowing  for  the  detector,  we  it.ve  possibly  a  factor 

*>'■  r  ; 

I f  this  is  true,  the  temperature  of  J*0°K  deduped  fron  jlcber's 


results  with  the  aerial  pointing  at  the  ^vla; 
and  the  miirim  teeperature  off  73°  should  gbe 


should  be  about  1 SO°K, 
out; }6cP.  \ 


|  Strictly  speaking^  those  are  tanyaraturo  differences  between 

1  the  IB  Tty  ISy  and  the  day!:  sky  well  away  ?Am  the  galaxy;  but  it 
i  seem  probable  that  the  noibo  temperature  of  the  siy  elsewiiex  e  is  a 
S'  ;»afe’f!fft«jticc  of  the  tieifiperature  of  the  Killy  nay.*  Support  fcs?Athis _ 
;  view  io  afforded  by  Prftlz’s  data  an  50  Ua/a, 

f  uX.  Boher  aertainly  tm&aresiinates  the  width  of  his  bean,  bit^this 
doe®  not  affect  our  conclusions,  appreciably.  •  "S'  , 


i  UtU 


i£i> 


[Tn  order  to  arrives  t'  an, estimate  of  the  no  .a  noise  t espera-ture? f  ar- 
the  ...lole  oiy,  or  for  the  northerly  celestial  hemisphere,  we  i x-y  takeTan 
average  round  any  parallel  of  declination,  as  they  will  give  roughly- the. 
sane  result,  with  the  exception  of  those  noar  &  =  62°  (which  touches 
the  galactic  equator)  'which  y.ill  include  too  much. ‘of  the  KU2y  Hay,  :and 
those  above  £  =  70"  which  nil?  include  none  of  it.  '  I-,  can  be 
that1  'it  is  unnecessary  t^fe-enc.  the-atBculniUujiclth  cf  the  beam  or  o£>tSp 
noise-producing  part  of  thfe.itilly  why:  the  width  'of  the  pealqPefi''’  1 7 
Reber's  curves  may  be  due.  to  either,  or  to  al  combination  Qf  'ooth,  ’-i 
■dthout  affecting  "our  result.  's$ti  the  s.  .’.rleB  reproduces,  the  peaks 
are  equivalent  to,  a  square  peak  oif  yidth  aboujt  j/4)  of  ».  revolution.-] 
Since  there  are  t'./o  in  each  diurnal  rovolutijon,  \  itf  is  necessary  to  -  f 
divide  the  mean  peak  tei.iperature  by  Ip.  ‘The  roiult  obtained  is  3°  Kj! 
or -about  12°  K  with  the  higher  noise  factor.  J  1  /  .  •  t*. 


This  assumes  that  no  noise  is  received 


.orial  is  pointing 


away  from  the  Hilly  Hay.  There  is  no  evid jnoe '  against  this  in  P.ebor  (t. 

■  oapof.  _  i,  ~l\  ■ 

»  '  -  3  .  \ 

4  .  COMPARISOW  cr  EXPS.a:.t3iTlL  VnlUBS  AS  3CTER3NT  FRE  :JS'CI53  5-Ve 

I;  _ 

Owing  to  the  uneven  distribution  of  nois^  sources  in  thes&y,  the. 

.  .only  figures  which  are  strictly  comparable  are  the  mean  temperatures  7' 

'  -ear  "the  whole  sky.  These  are  plotted  in  Figure  'I .  The  maximum  noise-' 
teitperatures  obtainable  by '  j dinting  a  beam  antenna  at  the  galaxy  dejpnd. 
on  the  -width  o£  the  beam,  e.g.  of  the  order'- of  5  times  as  "great  far  a 
beam  30  degrees  wide  as1 for  a  non -dirooti anal  antfenna.  2fc>  data  exist' 
to  indicate  by  -..•hat  ifaotar  the  temperature  aay'bd  reduced  by  pointing 
tlhe  aerial  inay,i¥om  the  galaxy.  For  all' we  khowyltne  rer,2  Df  the  sly 
might  be  perfectly  Cold.  ■  j 

I  ‘  .  .  \  .  j  J  ‘  ,  ^ 

,•  i  ' ’i-xh  is  evident  fron.-Figure  1  that,  if  JJebet's;  rosults  are  to  b®  ( 
accepted,  the  noise  temperatures  vary  roughly  as  V5,.  If  we  omit  Reber's- 
result,  the  remaining -observations  are  best  fitted  by  a  variation  as  \i. 
j-lh  order  to  fit  this  Saw,  Reber's  noise  figures  'would  'have  to  be  too 
1  rsshStlffcry  about -12  do.,  which  is  juitei  conceivable.  It  his  been  suggested 
K.  abowis!  that  Reber's  own  estimate  of  (hit  r.oiSse  figurer  is  not  intrinsically--' 
itepr enable ,  but  considering  all  thel  evifencte  together  it  is  d  if  fifadrtf 
"tbirps'isjfc  the  conclusion  that  -  the_  overall  ieu^ipivity  of  his  system  must 
hiverbeen  less  than  he  supposed.  -  j  ■  , 


;  J I  Current  theoretical  ideas  About  the  origin  of  cosmic  .noise  indicate 
a  -variation  as  >S,  'It  is  arguod.  that  cosmid  noise  cannot' originate  in 
s  the.  stars,  since  the  sun  does ,  not  Ondt  any*  Incite,  radiation,  sad  that 
it  rajist  therefore  come  from  interstellar  nr- iter.'  Working  frem  Eddington’s 
eotiiate  of  the  constants,  involved,  -Rebbr  obtained  predicted  noise  ; 

-intensities  otf  the  ri^vfc  order-  of  sngnitude.  Amended  calculations  <n  ■ 
interstellar  matter1  have  been  made  by  Honyey  and  Keenan,  but ,03 "they 
•  have  I  published'-  no  particulars  of  their  calculation^  it  is  dalfacult  to 
bnowj  vfiat  importance  should  b$f  assigwd  to  their  work..  The  results  of 
JMsJy,  °f  :Er*ra  imply  that  the  teiqperature  of  interstellar  matter 
cn  "those  theories  aist  be,  well!  above  100,00CP,  which  does  not  fit  in 
'  wall  with  other  astrophysics!  data.  If  is  possible  to  produce- arguments' 
which  lead  to  a  variation  as  X*  rather  than  \5jT  , 
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ootlhnown  ihkt  the  sun  does  emit  soma  noise  radiation. 


RES  i  RICH: 


5  '  FINAL  KSSUIff  r  ,  '  V'. 

Wc  nny  adont- provisionally  the  followi^ jraiirioal  formula 
for  the  veriatiowaf  noise-intensity  vdth  wavelength 

/• ' .  r'ec  x3-  It.  1  ;  ‘  i  ■ 

To  fix  the  absolute  intensity,  wo  nsy  tala.*  the,  neon  . 

'  temperature  of  the  whole  s^y  to  be  JOCCP  K.  at  6  metres  (5®  negaogjclos)* 
For  a  non-directional  agri si,  there  is  diurnal  variation  in  noise 
level  of>  about  ■  2  dbTT~i'ar  a  highly  directional  aerial,  the  teBpersjturO  'ti 
2 ixy  be  i  or  5  times  as  rtich  when  it  is  pointed  at  t£e  galaxy.  Uk  5 

radiation  patterns  of  most  aerials  will  show  sideband  baeje  radiation 
1  corresponding  to  a  gain  of  the  order  of  ■?,  and  iJhese  sida  lobes,  will 
picJ;  up  radiation  from  the  g:  lax;/  oven  when  the/,  aerial  points  in  other 
directions;  *fbr  this  reason  clone  the  aerial  temperature  can  never 
\  fall  very  much  lower  than  the  ntwn  figures  qpotod,  : 
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(1)  Si' 
nc'.surc: 
l.R.  S.S 


hDiSHar. 


Siijibo  tK4  prcii  zinrty  version  of  t'jig  report,  :r.s  circulated  (Pel 
rc-ripnts  hr  vc  been  .rr,dp  qy  K.  F.  Saucier  and  -J.  t.'Tat<is  r.t  f 
>.  El  { it  * hi  .fc-vu  length Jjf  5  ratres.  i  rjaasurenonts  sro.^the  ' 

p.e,eijrat'-'  .hichVhnvo  so  for  boo".  rr-.itc  it  I  i  ••wayelongtlh  short 


tfl?  5  rictres. 


enough  to  be-  lltjtlb  affected  by,  iorosTll 
correspond  to  uThy-.n  value  of  bout  3,£ 


’  A'  Hir 

(19U.),|p. 

stable  rec'eivbr  and  plotted  in  a  now  vtay>  but  the  ruflwris  rage 
above  rfcnain  v:.lid.  His  latest  paper  is,  hoojr.-.-r,  of j groat 
irj^rtnnce -par  fcbdtstlafinito  evidence  if  presentee  of  noisb  1 
costing  fx'ur-i  thu  sun*  tfnen  the  aerie  1  -SP.S  pointed  at  the  sun, 
the  sigrul,vas  eanp&hable  with  that.'obfaine^  whjpi  pointed  .at  th*s 
,  1-iiliy  Way.  Ia  ‘considering  the  avejraSo.  over  Hid -Whole  sl^r,  the 
.Milky  wky  noise  will  nevertheless -prctoncerate  &vcrJhejsolalr 
ribiso,  boWsase  of  the  creator  oxteRt--t>f  the  Milky -Way.  Ij'.  . 


u^tr  .n  value  of  bout  3 ,  CCO  degrees;  K,  ,so '  thr.t 
lues  vjcr.e  30:.Kr./hr. „  too  lop.  ^  .  [  ..  ;S.  1 

pr.per  by  Sober  has  pcarbd  (Astrophys .  . hi. 
which  includes  result's  opt, in  ud-  with  a- mre 


it  |  i.  •■wavelength  short 
i A  hbsOTtotior..  ■  They 


.at  thp 


Although  Solar  noise  igfhotn.  lly  loss  inpoi-tant  the 
(or  galactic)  noise,  there  iiv£ui  ocoasidn  on  recordpS#f| 


noise,  there  idv£ei  ocoosibn  on  record  dWfow  yflnrs  ( 
whep  solar  nOise  becope  Very-intense  for  a  day*  os.  tic*.  ' 
add  dusk  it /das!  sufficiently  intense ^toteduoo 


Between  dawn  and  dusk  it  /das  sufficiently  intense  *topredubo .  4  * 
greatly  the  ’pctfornancc  pf  5-netro  roocivors,  add  was  many  tipas 
greater  than  ordinary  cqsnic1  noise.  Details  aJro  given!  inW  ■«  - 
forthconing  A.O.R.b.  Report  (!Io.275)«  (  j  , .  .. 

(2)  The  vriteir  is  indebted  to  ft.  Sander  and  2ir.  Tates  fafrja 

discussion  on  Rebar h  receiver,  and  their  views' have  been"  adepted 
in  pop .  3(f)  of  idia  report. . ■  ■  ,  -  - 

(3)  Thp  beasur  oc.ents  have  nerv.  been  Hxtteai  id  *&,. 

R.R.D.L.  Research  Report  '!p,  2§$.  I  “  tt; 


:  j  f ;  . 
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f- v  y '  / 

t  -feoUcgtion  to  Aariale  f 

J  ■  ,  77"P  .  ••? 

■i  •  '  ■  "Hot  consider  an  aerial,'  say  a  narrow  bear,  aorir.l,  which  only 
*r  transmit  3  or  receives  tntf  typo  of  polarisr.tion(sny  horizontal) 
9u3X>6se  it  lias  a  rddiatiOn  resistance :H  and  a  ;jxin  G(8,S0  as 
ccc|>nrod  with  an  isotropic  source,  in  any  direction  (9,(0; .  !ho 
f motion.  specifies  the  radiation  pattern  Of  ;tho  aerial, 

drawn' to  the  correct  scale  to  indicate  gains.  Then  frcfci  the' 
definition  of  <tj 

1  to 


Ifc 


dlo!  =  1* 


it  is  neieseary  to  consider  what  (would  bo  the  ultiir-te  fate  Of 
radiation,  trcns:.'u  tied  by  the  acini'.  Dhing  critical  language 
for -the  ronent ,  JJkzipoeti  that  an  Obaeryw  looiaJig  in  the  direction  > 
\,9fP)  from  tho  aoriftl  sous  a  black  surface-clnoont  at  tenperature 
E;  ,  at  anjtpoj-ticulair  wavelength  this  has  a  surface-brij^ithess  which 
can  be  deduced  from  Flank's  fomula.  '  .If  .the'  surf ace  -iiich  tho 
transmitted  radiation  would)  strUte  fijtrt  is  ocly  partially 
absorbing,  then  tho  value  taken  fat  7  ’should  bo’  an  appropriately 
wei#tfce#  fflsah  of  the  tee^craturoe  Of  the  objects  whit*  iculd 
finally  absorb  the  trangnitto^  .radiation,  .  j  /  " 

f  ■  The  enargy  piciod  up  by  the  aerial  any  now  bo  calculated. 

It  is  easily,  shown  that  the.  power  which  tho  aerial  is  capable  <f 
transferring  to  n  urtobad  lend  'tie.  the  "available  power",  is 


■I 


T*. 


'i 


(s) 


j-V  is  the -two.  S,  voltage  on  x* on  Circuit  ar>a  K'  the 
rodiatiai  rasietaais#:  p  is  also  «<)jtcl,  in  the  case  of  plane 
wtwas,  incident  in  infection  9,0,  to 


If  the  .  whale  of  %iio  surroundings  of  tho  aerial,  or  at  ary  rate 
those  ehx^;ar»  rtfLeimnt 


to 


.«dr  unit  area  in  the  pWe  wives.  L  f  • 
e.  mcrap4,  since  cod  bind  Of  polarisation  is  not 
%o  abfifll,  it  is  found  that  the  total  power  p  in  n 

rx*a0b(t*e  far)  is 


TC  dn 


<7) 


\  r 


■j 


and  (7)  e*»to 

jUmf 

and,  froci  (js)' < 

\  •%>  ‘  :  ••> 

.  T-  =  MIHdf 

itj  "toowri  formula  of  l  lly^uist. 


arc  at  tho  Sane  terperature  T,  then  to 


(8) 


(9) 


^  'Objects  which  would  ultimately  'absorb  the 
it  ion  ore-not  all.  at  the  sane  tesyemture,  it  is 
to  assitfl 

ft 


If  hDTwter 

an',  ordinary  nateriol  resistor  at  a;  tenpamture 

.  Sa  =  jl.  Jj' I  («,)!?  t  \1C' 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
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copy  of  each  is  enclosed.  We  will  advise  you  as  soon  as  the  reviews  of  the  remaining 
two  documents  are  completed. 


.4 1  c  c 


Xu  -.  i"  'i  kc  j  c 


-l,  ■- ,  .  .  -r 

t  c  >-  <  <  i  x  x  -  '■  j 


•...i  7l~  !■  L- 1 M  ( 


L,"  U.  - 1  Kv  C 


\  7  .  / 


(■  '  _  _  r  /'"• 

A x  /  X-  f  ..  / 


t  (.  ill  j-  .  I  •-{.  f  -Cf  '!  J  )U  (.'((  (_. 

'LL.i.i  Sc  5  C  1  (.  A-  L  C  t  f'"-  A  ‘ 

ir'1-l',  f  lit  -  r  v— •  ; 

/  V  /  )  -  -A  i  Y  ,  A .  /  ('  r  >ct  .•  •-  ‘ 

^  >  7 -  J  ‘  ,  ^  ,  /  //''  (■/  j  . 

, '  A  7  /  I ,  •  /  ;  '  '/  -  u  •  *  • 


'  --  u 


1 A  0 


Sincerely, 


H.  J.  McIntyre 
Director 
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